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(54)Tiac: UNDERWATER TREATMENTS 
(57) Abstract 

An electxosurgical instrument, for the treatmem of tissue in the pres- 
ence of an clectricaily-condttctivc fluid m ed i u m , comprises an instrument 
shaft (lOX and an eleccodc assemUy (12) at one end of the shaft Tie 
electrode assemUy (12) comprises a tissue tieaimem electrode (14) and a 
return electrode (18) which is electrically msobied fiom the tissue treatment 
electrode by means of an insahttion snefiiber(l«). Tlw tissue tie^^ 
trode (14) has an exposed end (t4a) extending UteisUy through a nit-out 
(16a) prt^ided in the insulation member (16) at the distal end portion of 
the iiistrament The return electrode (18) has a fluid contact surface (18a) 
which overlies die insulation member (16) in the region of the cut-out (l6aX 
TTie fluid contact surface (18a) is spaced from the tissue treatment electrode 
(14) in such a manner as to define, in use, a conductive fluid path dsat com- 
pletes an electrical circuit between the tissue treatmem electrode and die 
return electrode (18). 
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UNDERWATER TREATMENTS 

This invention relates lo an eiectrosurgical instfumem for the treatment of tissue in the 
presence of an electricaUv'Conchictn'e fluid medium, to eiectrosurgical apparatus including 
such an instrument, and to an electrode unit for use in such an instntmest. 

Endoscopic electrostirgery is useful for treating tissue in caxities of the body, and is 
normally performed tn the presence of a distension medium. Wlien the distension medhun 
is a liquid, this is commonly referred to u imderwater eleorosurgery. this term denoting 
elearosurger>' in which fi\-ine tissue is treated using an elearosurgical instrumem with a 
treatmcni elearode or dearodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 
is often the case in laparoscopic or gastroenterological surger>'. 

Underwater surgen* is commonly performed" using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passage of an electrode Altemaiively. the endoscope may be specifically adapted (as 
in a resectoscopei to include means for mounting an electrode, or the electrode may be 
introduced into a body cavity via a separate access means at an angle with respea to the 
endoscope • a technique commonly referred to as triangulation These variations in 
technique can be subdivided by surgical speciality, where one or other of the techniques 
has panicular ad\*antattes given the access route to the spedfic bod\' cavity. Endoscopes 
with imegral working channels, or those characterised as resectoscopes. are generally 
employed when the body caxity may be accessed through a natural body opemng • sudi 
as the cen-ical canal to access the endometrial cavity of the uterus, or the urethra to access 
the prostate gland and the bladder. Endoscopes spedftcally designed for use in the 
endometrial cavity are referred to as hyneroscopes. and those designed for use in the 
uhrtary tract include cx stoscopes. urethroscopes and resectoseopes. The procedures of 
transurethal resection or x-aporisation of the prostate gland are known as TURP and EVAP 
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rcspcciiydy. When there is no natural body opcrang through which an endoscope may be 
passed, the technique of trianipilation is commonly employed. Triangulation is commonly 
used during underwater endoscopic surgery on joint cavities such u the knee and the 
shoulder. The endoscope used in these procedures is commonly referred to as an 
S arthroscope. 

Electrosurgery is usually earned pui using cither a monopolar instrument or a bipolar 
mstrumcnt. With monopolar electrosurgery. an aaive electrode is used in the operating 
region, and a conducuvc return plate is secured to the patient^ skin. With this 

10 arrangement, current passes from the active dectrode through the patieofs tissues to the 
external return plate Since the patient represents a significant ponion of the drcuiu input 
power levels have lo be high (typically 1 50 to 250 wansK lo compensate for the resistive 
current limiting of the patient's tissues and. in the case of underwater electrosurgery. 
power losses due to the fluid medium which is rendered panialJy conductive by the 

1 5 presence of Wood or other body fluids. Using Wgh power with a monopolar arrangemem 
ts also hazardous, due to the tissue heating that occurs at the return plate, wWdi can cause 
severe skin bums. There is also die risk of capadtive coupBog between the instrument and 
paiiem tissues at the entr\'. point into the body cavity 

20 With bipolar electrosurgery, a pair of electrodes <an active electrode and a return 
electrode) are used together at the tissue appUcation site. This arrangement has advantages 
from the safety standpoint, due to the relative proximity of the two electrodes so that radio 
frequency currems are limited to the region between the electrodes. However, the depth 
of effea is directly related to the distance between the two electrodes: and. In appUcations 

25 requiring very smkll electrodes, the mter-electrode spacing becomes very smaU. thereby 
limiting tissue effect and the output power. Spacing the electrodes further apart would 
often obscure vision of the application site, and would require a modification in surgical 
technique to ensure direct contaa of both dearodes with the tissue. 



30 There arc a number of variations to the basic design ofthc bipolar probe. For example, 
U Patent Specification No.4706667 describes one of the fundamentals of the design. 
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namdy that the ratio of the contact areas of the return dcarodc and of the active electrode 
is greater than 7: 1 and smaller than 20:1 for cuning purposes. This range relates only to 
cutting electrode configurations. When a bipolar instrument is used for desiccation or 
coagulation, the ratio of the contact areas of the two electrodes may be reduced to 
5 approjcimatdy I : I to avoid differential dectrical stresses occurring at the contaa between 
the tissue and the electrode. 

The electrical junction between the return decuode and tissue can be supported by wetting 
of the tissue by a conducdve solution such as normal saline. This ensures that the surgical 

10 effect is limited to the needle or aaive electrode, with the electric circuit between the two 
electrodes betng completed by the tissue. One of ihe obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return dectrode to 
compleic the circuit. Another problem is one of the orientation: even a rdalivdy small 
diange in application angle from the ideal perpendicular contaa with respect to the tissue 

1 5 sur&ce. will change the contact area ratio, so that a surgical effect can occur in the tissue 
in contaa with the return dearode. 

Cavity distension provides space for gaimng access to the operation site, to improve 
visualisation, and to allow for manipuiation of instruments. In low volume body cavities. 
20 particularly where it is desirable to distend the caviiy under higher pressure, liquid rather 
than gas is more conunonly used due to better optical characteristics, and because it 
washes blood away from the operative site. 

Conventional underwater dectrosurgeiy has been performed using a non^onductivc liquid 
25 (such as 1.5% glycine) as an irrigant« or as a distension medium to eliminate dectncal 
conduction losses. Glycine h used in isotonic concentrations to prevent osmotic changes 
in the blood vfhtn intra-vascular absorption occurs. In the course of an operarion, veins 
may be severed, vvith resuham infltsion of the liquid into the drculatt^ 
among other things, a dihition of serum sodium wWch can lead to a condition known as 
30 water mtoxicaiion. 
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The applicants have found ihat it is possible to use a conductive liquid medium, such as 
nonnai saline, in undcrwaier endoscopic dectrosurgcry in place of non-conductivc. 
electroiyie-free sohitions. Normal saline is the preferred distension medium in underwater 
endoscopic surgery when elcctrosurgoy is not comemplaicd. or a non-dcctrical tissue 
effect such as laser treatment is bang used Although normal saUnc (0.9%w/y; I SOmmol/l) 
has an electrical conductivity somewhat grcaer than that of most body tissue, it has the 
advantaue that dispUcemem by absorption or extravasation from the operative site 
produces little physiological effect, and the so-called water imoxicaiion effects of non- 
conductive, dcctrolyte-free solutions arc avoided. 



10 



The aw)hcanis have developed a bipolar instrument suiuble for underwater elccirosurgcfy 
using a conductive liquid or uaseous medium This elecirosurgical instrument for the 
ireatmem of tissue in the presence of a fliad medhint comprises an instrumcni body having 
a handpiece and an instrumcm shaft, and an electrode assembly at one end of the shaft. The 
1 5 electrode assembly comprises a tissue trcaunent electrode which is exposed at the extreme 
distal end of the insuumem, and a return electrode which is ele«ricaUy msulaied from the 
tissue treatment electrode and has a Quid conutt surface spaced proximally from the 
exposed pan of the tissue treatment electrode. In use of the instrumem, the tissue 
treatment electrode is applied to the tissue to be treated whilst the return electrode, beimj 
20 spaced proximally from the exposed pan of the tissue treatment electrode, is normally 
spaced from the tissue and serves to complete an dearosurgical current loop from the 
tissue treatment dcctrode through the tissue and the fluid medium. This dcctrosurgical 
instrumcm is described in the specification of our European Patent Application 
96918786.1. 



25 



The dectrode structure of this instrumem, in combination with an decirically-conducuve 
fluid mcdhmi. largdy avoids the problems experienced with monopolar or bipolar 
dectrosurgery. In paiticular. input power Icvds arc much lower than those gcneraUy 
necessary with a monopolar anangemcm (typically 100 watts). Moreover, because of the 
30 rclativdy large sparing betv^•ecn its electrodes, an miproved depth of effect is obtained 
compared with conventional bipolar arrangements. 
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An anhroscopc electrode may be charaaeriscd as short { 100 lo 140 mm), and rigid with 
a working diameter up to 5 mm. It can be imroduced through a stab incision into a joint 
cavity (with or without a cannula) using the triangulation technique. Such an elearode is 
operated with a moiion which moves the electrode between the 9 O'Clock and 3 o aock 

5 positions on the arthroscopic image. As a result, the nssue to be veated is usually 
approached at a shaUow working angle with respect to the axis of the electrode. An 
arthroscopic electrode thus needs to have an effect consistent with this angled approach 
to the tissue. The tissue to be treated* such as meniscai canilage, is commonly dense and 
of a high cicciripal impedance. An anhroscope electrode requires output power and 

1 0 voltage settings that reflect the type of tissue being treated, the size of electrode, and the 
faa that anhroscopists are seeking a speed of effect comparable to that of the mechanical 
shaver devices they currently employ, albeit with an electrode of smaUcr dimensions than 
a shaver blade for improved access. Joint spaces arc commonly small (the joint spaces m 
the knee being typically 60 to 100 mis under fluid distension), and tissue often needs 

15 mechanical manipulation. Known monopolar arthroscopic clecuodc configurations, 
therefore, arc of a rigid construaion, having angled hook or prt>be-tip configurations to 
produce cutting of high impedance tissue, and to connect lo an ergonomic handpiece to 
aid tissue mampulation. 

20 The aim of the invemion is to provide an improved electrosundcal instrument of this type 

The present invemion provides an dectrosurgical instrument for the treauneoi of tissue in 
the presence of an electrically-conductive fluid medhim. the instrument comprising an 
instiuiiiem shaft, and an electrode assembly at one eml of the shaft the d 

25 comprising a tissue treatment dectrodc and a return dectrode wttch is electrically 
insulated fiom the tissue treatmem dectrode by means of an insulation member, the tissue 
treatroem dectrode having an exposed end extending laterally through a cut-out provided 
in the insulation member at the distal end port»n of the instrument, and the return 
dectrode havii^ a fluid comaa sur&e which overlies the msulation member in the region 

30 of the cut-out, saki fluid contaa surfoce being spaced from the tissue treatment electrode 
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in such a maimer as lo define, in use. a conduaivc fluid path that complciet an electrical 
circuit between the tissue treatment electrode and the return electrode. 

The invention also provides an dectrosurgical instrument for the treatment of tissue in the 
5 presence of an dectrically-conductivc fluid medium, rhe instrument comprising an 
instnmiem shaft, and an.elearode assembly at one end of the shaft the electrode assembly 
comprising a tissue ircatmcm electrode and a return electrode which is dccirically 
insulated from the tissue treattncm electrode by means of an insulation member, the tissue 
treatment electrode haxing an exposed end extending laterally through a cut-out provided 
10 in the insulation member, wherein the return electrode has a distal end portion with a fliud 
contact surface which overlies the insulaticm member in the ricttioo of the cui^nit and faces 
laterally in a first <arectton, and wherein the insulation member projects lateraUy outwardly 
between said distal end portion and the tissue treatment electrode, the tissue treatmoit 
electrode facing lateraUy in a second dirertion opposite to said first direction. 

15 

The latcraHy-projeainu part of the insulation member increases the conduaive fluid path 
length from the tissue treatmcm electrode to the return electrode, and forces the eleciric 
fidd outwardly, thereby preventing preferential arcing between the return dectrodc and 
the nearest pan of the tissue treatmem dcctrode. and promoting ardng between the tissue 
20 treatmem electrode and the ndghbouring tissue. 

The return electrode i$ spaced from ihc tissue trcauncnt dcctrode so that, in use, it does 
not comaa the tissue to be treated, and so that the dectricd circuit is always completed 
by the conductive fluid, and not simply by arcing between the dectrodes. Indeed, the 
25 arrangemem is such that ardng between adjacent parts of the decirode assembly is 
avoided, therdiy ensurii^ thai the tissue treatment dectrodc can become envdoped in a 
vapour pocket so thai tissue enterii« the vapour pocket becomes the preferred path for 
current to flow back to the return dearode via the conductive fluid. 

30 The clccirosur^cal instrument of the invention is useful for dissection, resection, 
vaporisation, desiccation and coagulation of tissue, as weU as for combinations of these 
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fiinctions. li has a particular application in anhrojcopic surgcay as it pertains to 
endoscopic and percutaneous procedures periformed on joints of the body induding. but 
not limited to. such techniques as they apply to the spine and other non-synovial joints. 
Anhn»co|nc operatiye procedures may inchide: paitial.or complete meniscectomv of the 

S knee joim inchiding memscal cystectomy, lateral retinacular release of the knee joint, 
removal of araerior and posterior ctudate Gsaraems or remnants thereof: labral tear 
resectioa acromioplasty. burseaomy and subacromial decompression of the shoulder jpim; 
anterior release of the temperomandibular joint; synoveaomy. camlage debridemem. 
chondroplasiy. division of intra-anicular adhesions, fracture and tendon debridemem as 

10 applied to an> of the synovial jcims of the body, imhicing thermal shrinkage of joim 
capsules as a treatment for recurrem dislocation, subhixation or repetitive stress iiquty to 
any aniculaied joim of the body. *sceaomy either in the ireatmem of a disc prolapse or 
as pan of a spinal fusion via a posterior or anterior approach to the cervical, thoracic and 
hmibar spine or any other fibrous joim for similar purposes: excision of diseased tissue. 

IS haemostasis. 

The instrwnem of the invention is also usefW for dissection, resection, vaporisation, 
desiccation ami coagulation of tissue, as ««a as combinations of these fimcttons. with 
particular application in urological endoscopic (urethroscopy, cystoscopy, ureteroscopy 

20 and nephroscopy) and peicmaneous surgery. Urological procedures may inchide: electro- 
vaporisation of the prosuue uland (EVAP) and other variants of the procedure commonly 
referred to at tr«Buf eihral resection of the prosute (TURP) including, but not limited to. 
interstitial ablation of the prostate gland by a percutaneous or perurethral route whether 
performed for benign or maiignam disease; Iransureihral or percutaneous resection of 

25 urinaiy tract nmioursM they may arise as primary or secondary neoplasn». and finther as 

they may arise anywhere in the urologiial tract from the calyces of the kidney to the 
external urethral meatus, division of strictures as they may arise at the pdviuretcric 
junction (PUD. ureter, ureteral ori6ce. bladder neck or urethra; correction of ureterocoele; 
shrinkage of bladder diverticular: cystoplasty procedures as they pertain to corrections of 
30 voiding dysfimction: thermally induced shrinkage of the peh«c floor as a corrective 
treaimem for bladder neck descent; otdrion of diseased tissue; ami haemostasis. 
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Suigicai procedures using the deccrosurgical instrument of the invention may also include 
introducing the electrode assembly to the surgical site, whether through an anifictal 
conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or oiie created surgically. The cavity or space may be distended during the 

5 procedure using a fhiid, or may be naturally held open by anatomical structures. The 
surgical site may be bathed in a continuous flow of conductive tluid such as saline solution 
other to fill and distend the cavity, or to create a locally*irriaaied environment around the 
tip of the elccuode assembly in a gas filled cavity. Tlie irrigating fluid may be aspirated 
from the surgical site to remove products created by application of the RF energy, tissue 

10 debris or blood The procedures may include simultaneous viewing of the site via an 
endoscope, or using an indirect visualisation means. An irrigated bipolar electrosurgical 
instrument is described in the specification of our Imemational Patent Application 
GB96/0I472. 

15 Advantageously, the exposed end of the tissue veatmem electrode is constituted by a 
plurality of tissue comact filamentary members made of an electncaily-conductive tnaterial, 
the filamentary members being electrically connected to a common electrical supply 
conductor. 

20 In a preferred embodiment, a single coiled filament constitutes the filamentary members, 
the coils of the filament constituting the filamentary members. The filament may have a 
diameter lying in the range of from 0.05 mm to 0.5 mm 

In another preferred embodiment, a phirafity of separate, individual filamenu constitute the 
25 filamertaiy members. The filamems may each have a length K ing within the range of from 
0.5 mni to 5 mm, and a diameter lying within the range of from 0.05 mm to 0.5mm. 

Preferably, the filamentary members arc made of tungsten, or of an alloy of tungsten or 
platinum. 

30 

Ahematively. the exposed end of the tissue contact electrode is constituted by a tncsh. 
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Preferably* the instniment further comprises suction means for applying a sub-atmospheric 
pressure to the interior of the insulation member, whereby vapour bubbles produced in the 
region of the tissue treatment electrode are evacuated via the interior of the instrument 

5 

Advantageously, the cut-out is formed in a lateral sur&ct of the insulation member 
adjacent to the distal end thereof In this case, the instrument can be used as a side-effect 
instrument. Aliemativdy. ihe cut-out is formed obliquely across the distal end face of the 
Insulation member, whereby the exposed end of the tissue treatment electrode has both an 
1 0 axiaily-facing tissue contaa portion and a laterally-fadng tissue comact portion. In this 
case, the instrument can be used as both an end-effect instrument and as a side-effect 
insiiument. 

Advant^eously. the dimensions and configuration of the tissue treatment electrode, the 
1 5 fluid contaa surface and the insulation member are such that, when the electrode assembly 
is immersed in a conductive fluid medium, the ratio of (i) the length of the shortest 
conductive path through the fhiid medium between the fluid contaa suiftce and that pan 
of the tissue treatment electtDde which is furthest from the fluid comact surface, to 00 the 
let^ of the shortest conduction path through the fluid medhmi between the fluid contaa 
20 surface and the tissue treatment dearode is at most Z to I . 

Preferably, ihc Uicrally-projcciintt portion of the insulation member defines an insulation 
barrier to divert electrical current flow through the fluid medium thereby to increase said 
shortest conduaion path length between the fluid contact surface and the tissue treitroem 
25 electrode. The first directtOR may define a treatment axis, and said two shortest conductive 
paths may Ke In a common plane containing the treatment axis. 

- The invention also provides an electrode unit for an dectrosur^cal instrumem for the 
treatmem of tissue in the presence of an dectricaBy-conductive fluid medium, the electrode 
30 unit comprisnga shaft lovinu at one end means for connecrion to an instnnnent handpiece, 
and. mounted on the other end of the shaft, an dearode assembly comprising a tissue 
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treatment electrode and a return electrode which ts electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatmem electrode 
having an exposed end extending laterally through a cui-out provided in the insuterion 
member, and the return electrode having a fluid conuci surfiK» which overlies the 
5 insulation maite in the region ofiheculKmi, said fl^ 

the tissue treatmem eleorodc in such a manner as to define, in use, a conductive fluid path 
that completes an electrical circuit between the tissue treatmem dectrodc and the return 
electrode. 

10 The invention llirthcr provides decirosurcical apparatus comprising a radio frequency 
generator and an elcctrosurgical instrument for the treatment of tissue in the presence of 
an dcctricaUy-conductiv'e fluid medium, the insirumem comprising an instrument shaft, and 
an dectrode assembly at one end of the shaft, the dearode assembly comprising a ussuc 
ireauneni dectrode and a return dearode which is dectricdly insulated from the tissue 

15 treatmem electrode by means of an insulation member, the tissue treatmem dectrode 
having an exposed end extending laterally through a cut-out prodded in the insulation 
member at the distal end portion of the instrument, the return dectrbde having a fluid 
comaa surface which ovcriies the insulation member in the re»on of the cut-out. and the 
radio frequency generator having a bipolar output connected to the dectrodcs. said fluid 

20 comact surface bdnu spaced from the tissue treatment dectrode in such a manner as to 
define, in use. a conductive fluid path that completes an decrical circuit between the tissue 
treatment dectrode and the return dectrode. 

Advanugcously, the radio frequency generator indudes control means for varying the 
25 output power delivered to the dectrodcs. the conttol means may be sudt as to provide 
output pow in first and second output ranges, the first output range bdng for powering 
the decirosufgical insuumcm for tissue desiccation and the second output range bdng for 
powering the dectrosurgical instrument for tissue rcmovd by cutttng or vaporisation. 
Conveniently, the first output range is from about 1 50 vohs to 200 volts, and the second 
30 output range U from about 250 volts to 600 volts, the voltages bdng peak voltages. 
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Preferably, the control means is such as to alternate the output power between first and 
second powers in the first and second output ranges. Alternatively, the control means is 
such as to pulse the output power at a power within the second output range. 

5 The invention will now be described in greater detail by way of example, with reference 
to the drawings, in which:- 

Figure \ is a diagram showing an electrosurgical apparatus constructed in accordance 
with the invention; 

10 

Figures 2 to 6 are diagrammatic side elevations of the electrode assembties of five forms 
of electrode unit conssnicted in accordance with the invcmion: 

figure 7 is a perspective view ofa modified form of the electrode assembly of Figure 3; 

15 

Figure ft is a perspective view of part of the assembly of Figure 7; and 
Figure 9 is a cross-section taken on the lines A- A of Figure 7. 

20 Each of the electrode units described below is intended to be used with a conduaive 
distension medium such as nonnal saline, and each unit has a dual-d 
ihc conductive m«fium acting as a conductor between the tissue bang treated and one of 
the electrodes, hereinafter called the return electrode, The other electrode is apptied 
directly to the tissue, and is hereinafter called the tissue ueatment (active) electrode. In 

25 many cases, the use ofa liquid distension medhmt is preferable, as it prevents excessive 
electrode temperatures in most dramistances. and largdy eUminates tisTO 

Referring to the drawii^ Figure I shows electrosurgical apparatus including a gen«ator 
I having an output socket 2 providing a radio firequcncy (RF) output for an instrumem in 
30 the form of a handpiece 3 via a connection cord 4 Activation of the genentor I nwy be 
performed from the handpiece 3 via a control comiecdon in the cwd 4. or by means ofa 
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footswitch unit 5, as shown, connected separately to the rear of the generator I by a 
fbotswiich connection cord 6. In the tttustrated embodiroenu the footswitch unit 5 has two 
footswitches 5a and 5b for selecting a desiccation mode and a vaporisation mode of the 
generator I respectively. The generator front panel has push buttons 7a and 7b for 
5 respectively setting desiccation and vaporisation power levels, which are indicated in a 
display 8. Push buttons Oa arc provided as an ailernaiive means for selection between the 
desiccation and vaporisation modes. 

The handpiece 3 mourns a detachable eJcarodc unit E such as the electrode units EI to E5 
10 to be described bdow. 

Figure 2 shows the first form of electrode unit El for detachable fastening to the 
dectfosurgical instniroem handpiece 3. the electrode unit comprising a shaft 10, which is 
constituted by a semi-flexiWc tube made of stainless stcei or phynox cicctroplatcsd in 
1 5 copper or gold, with an dccrode assembly 12 at a distal end thereof At the other end (not 
shown) of the shaft 10. means are provided for coraieciing the electrode unit El to the 
handpiece 3 both mechanically and electrically. 

The RF generator I (not shown in Figure 2) dcUvers an dearosurgical current to the 
20 electrode assembly 12. The generator includes means for varying the delivered output 
power to suit different clecuosurgical requirements. The generator may be as described in 
the spcciftcaiion of our European Patent Application 96304558.8 

The dectiode unit El indudes an active dectrodc 1 4 which is constinited by a phirality of 
25 filaments made of tungsten or an aUoy of tungsten or platiraim. The aatve (brush) 
dectrode 14 is connected to the RF generator I vU an insulated central copper conductor 
(not shown). A ceramic insulation sleeve 16 surrounds the central conductor, the fiJamems 
1 4a of the brush dectrode passing along the insulation sleeve and extemfing laterally 
therefrom through a cutout I6a. A return dectrode 18. which is constinited by the distal 
30 end of the instnimcnt shaft, surrounds the proximal end of the sleeve 16. An outer 
insulating coating 20 (which could be polyvinylidenc ftuoride, a polyimide. 
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polytetrafluoroethylene. a polyolefin. a polyester or ethylene tetnfluororthylene) 
suiTOunds the pfoximal portion of the shaft w^kem to the retura 
electrode 1 8 is formed with a hood-like extension 1 8a which emends over the suraee of 
the sleeve 15 which is opposite to the cut-out 16a. The dectrodc unit H can. thus, provide 
5 maximum tissue engagemem for shallow working angle applications, and is known as a 
side-effect electrode. 

This dectrosurgical instnimem is paniculariy useRil for rapid tissue debulking. One of the 
problems which could be encountered when tissue is rapidly debuDced using an 
lb arthroscopic electrode configuration, particularly «*enworldng in smaB^^^^ 

the pioduciion of vapour bubbles generated as an end product of tissue vaporisation. Such 
bubbles obscure vision, and can coalesce at the site of tissue application, so that the 
electrical circuit between the active and return electrodes becomes compromised by the 
absence of conductive fluid. Iitegular active electrodes havimj filamemaiy, mesh or coUed 
IS spring forms go some way to solving this problem, as they reduce the vaporisaiioa 
threshold as disclosed in the specif5catk» of our Intemaiional Patent Application 
GBW00065. Another advantage ofthese electrode fbtms is that the bubbles geneiated 
by vaporisation are smaHer than those formed by solid electrodes. As the brush elecirode 
14 of this dectrosurgical instiumem is of irregular shape, it also has the advantage of 
20 producing relatively smaU vapour bubbles as the produa of tissue vaporisation. The 
production of vapour bubbles is. however, further reduced as a resuh of the lower 
threshold power of vaporisation which resuUs from use of the electrode unit El. This 
improvement results from the hood like extension ISa of the return dectrode 18 which 
esaendsoverthebackoftheactivedectrodeM. This reduces the separation between the 
25 aeiiw dectrode 14 and the return deetrode IB. thereby redudng the dectricalHdd and the 

vqwrisaUon threshold power of the aisive electrode. This enhances the speed of 
vaporisation of the tissue at a tower power than would otherwise b. required for the given 
active dectrode area, and hence reduces the fbnnation of vapour bubWes. As the hood-Bke 

e.xtension 1 8a extends along the entire length of the acuve dectrode 14. a targe active 
30 dectrode size can be supported, despite the reduction in electrode separation. 
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The robustness of the dcctrode asscmbK- 12 is also imponam in arthroscopic surgery, both 
because of the tendency of surgeons to use an electrode assembly as a cold inani{miator 
and because of the rigid nature of die tissue to be treated - particularly bone and cartilage. 
The bood-Oke extension ISa adds mechanical strength to the electrode assetnbly 13, as it 
5 extends over the ceramic insulation riecvc 16, thereby rcdudng the risk of ^ 
and potential breakdown of insulation. 

The electrode unit El is intended primarily for use in arthroscopic surgeiy which requires 
rapid tissue debulktng by vaporisatba In use. die electrosurgtcal instnunent is manipulated 

1 0 to introduce the electrode assembly 12 into a selected operation site (for example, within 
the joiiK space of a knee), so that the brash electrode 14 contacts the tissue to be treated, 
and with the tissue and the electrode assembly immersed in saline. The footswitch 5b (or 
the push button 7b) is ihcn operated to set the required power level for vaporisation The 
generator I then provides sufficient RF power lo the electrode assembly 12 to vaporise the 

1 5 saline surrounding the brush electrode 1 4. and to maintain a vapour pocket surrounding 
this elecuode Using a bnishing technique, with firm pressure i^ainst the tissue surfice, 
rapid debulking of the tissue is achieved. Gemly touching the tissue win reduce the effect, 
and can be used to sculpture and smooth the residual tissue sur&ce. 

20 Because of hs speed of debulking and side-effea configuration, the decuode unit El also 
has advantages in urological surgery as an EVAP technique for use in coiyunction with a 
resectoscope. A resectoscope decuode unit is introduced very diffcrcmlv, in that it is 
mourned on an endoscope prior to passage of the assembled instiumeni through a working 
sheath inrroduccd via the urethra. The proximal end of the dectrode unit is connected to 

25 a trigger assembly and an dectricdcontaawhk* is integral with the resectoscope 

means, the dectrode unit can be mcyved back and forth through a defined range of motion 
by operating the xnggti mechamsm. As the dectrode unit is assembled prior to 
introduction, the size of the lip is not constrained by working channd dimensions, but 
rather by the diameter of the working sheath which can be up to 10 mm. Pan of this 
30 diameter is occupied b\- the support wires to the dectrode uniu which wires are commonly 
bent in a downward angle, with respect to the endoscopic image, lo the woridng tip, so 
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that they do not interfere with cither visualisation or its operation. The brush electrode 14 
can have a length lying within the range of from 3 mm to 4 mm and a width lying in the 
range of ftom 2 mm to 3mm, and this size is necesary for urological surgery given thau on 
average, 20-30 grams of prostate tissue must be removed. 

5 

Because of the reservoir effect of the urinary bladder, and the mounting of the endoscope 
to view the tip of the active electrode from bdow. bubble generation during vaporisation 
is less of a problem during endoscopic urobgy, as the bubbles flow away from the 
endoscope to accumulate in the bladder. Nevertheless, the use of the electrode unit £1 
1 0 substantially reduces the possibility of bubble generation causing problems. 

Although the decwode unit El is intended primarily for use in the vaporisation of tissue, 
it can also be used for desiccation, particularly of synovial membranes or to separate 
muscle atttuAmcms. In this case, once the electrode assembly 12 has been introduced into 

15 a selected operation site, the RF generator I is actuated using the footswitch 5a or the 
push button 7a to set the required power Icvd for desiccation. The generator will then 
provide suflicicm RF power to the electrode assembly 12 to maintain the saline adjacent 
to the brush elearode 1 4 subsuuioally at iu boiling point without creating a vapour pocket 
surrixmding that electrode. The tnsimment can then be manipulated by moving the brush 

20 electrode 14 across the surface of the tissue to be treated in a sidc-to-side 'painting- 
technique. 

The electrode unit El can also be used for blending tissue. Thus, by auiomaticallv 
alternating the output of the RF generator I between the desiccation and vaporisation 

25 power levels, more haemosiasis is produced then is possiTile in the vaporisari 
a oonsequencCL the speed of tissue dcbidking can be reduced, whu^ 
or debuUdi^ vascular tissue structures. Alternatively, the output of the RE generator 1 can 
be pulsed at the vaporisation povw level without cycled activation of the desiccation 
mode. TWs produces a less aggressive tissue vaporisation than occurs in the vaporisation 

30 mode; with a consequent reduction in both bubble formation and the risk of tissue charring. 
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Fiizures 3 to 6 show eJectrode units E2 to E5 which are modifted versions of the electrode 
unit El. Accordingly, like reference numerals will be used for like parts, and only the 
modiCcations will be described in detail. Thus, the active electrode 14 of the electrode unit 
E2 is a coiled-sprint; electrode nuninted within the ctu-out 16a. The coiled sfiring 
5 electrode 14 is made of tungsten or an alloy of ningsten or platinum* and its proximal end 
is connected to the RF goicrator I via an insulated central copper conductor (not shown). 

The electrode unit E3 of Figure 4 is of "sputnik" form, having an aaive electrode 14 
constituted by a plurality of nccdIe-Uke protrusions I4a extending from a thin metal base 

10 plaie I4b mourned within the cut-out I6a in the insulation slcc\-c 16. Both the base plate 
14b and the protrusions 14a are made of tungsten or an alloy of tungsten or platinum. The 
needle*like protrusions i4a are conneaed to the RF generator I via a common insulated 
central copper conductor (not shown). This unit E3 is less complex to manufacture as 
compared with the brush-type form of the unit El and will produce similar effecu. 

15 Moreover, it allows for variations in the density of the needle-like protrusions 14a over the 
area of the base plate 1 4b. 

Figure 5 shows the electrode unit E4 having an active electrode 14 which is constituted by 
a mesh made of tungsten or an alloy of tungsten or platinum This electrode unit E4 can 
20 be provided with a suction pump i not shown) which can remove vapour bubbles via the 
shaft of the instrument through the active electrode 14 This enhances the elimination of 
vapour bubbles t^om an operation site, which is panicularly ativamageous dimng 
aggressive tissue dcbulking. The suction pump roust be conuoUed so that the flow of 
bubbles through the electrode 14 is balanced to the output characteristics of the RF 

25 generator I to prevent excessive cooling of the active electrode and a resultant increase 
in iu vaporisation povw threshold. The thennal mass of the mesh active dectrode 14 is 
lower than that of a soUd form active electrode, and this assists in rafndly re-establishing 
the vapour pocket around the active electrode should this collapse following excessive 
coolim^ The control means for the suction pump may mvolve the use of an intermittent 

30 suction techmque. 
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Figure 6 shows the electrode unit E5 having an active electrode 14 of the coUed spring 
type. Here, however, the cut-out 16a is formed obliqudy (at 45*> across the distal end face 
of the msuJation sleeve 16. so that the exposed end of the acti« electrode 14 has both an 
axiaUy-factng tissue contact portion and a laierally-fadmj tissue contact portion. The up 
S of the coiled dectiode 14 is also angled at 45 degrees to the axis of the instniment so that 
this electrode unit is both an cnd-cffeci electrode and a sidc-cffea electrode. The main 
advantage of tWs electrode unit E5 Is that it can be used in conjunction with endoscopic 
surgery techniques which require working channel introduction. 

10 The Figures 7 lo 9 show a modified form of the electrode unit E2 of Figure 3. TWs 
electrode unit E2' has an active elearode 14* in the form of a coiled-spring electrode 
mourned within a cut-KHit 16a' in the insulation member 16V The coiled-spring electrode 
14' is made of tungsten or an alloy of tungsten or platinum, and its proximal end is 
conneaed to the RF generator by an insulated central copper conductor (not shown). As 

1 5 shown in Figure the insulation member ) 6' is formed with a recess 16b' which receives 
the return electrode 1 8* and its extension 1 8a' (not shown in Figures 7 and 8). 

As shown in Figure 9, the active dectrodc 1 4' has a distal end portion which is exposed at 
the distal end of the instiument for tissue comaci. This cmbodimem has advantages over 
20 the earlier embod'unents. particularly where access is needed to remote areas of a joim 
cavity. Thus, in such remote joint cavity areas, the extension of the insulation member 1 6 
of each ofihe embodiments of Figures 2 to 5 may prevent the associated active electrode 
1 4 accessing these areas. 

25 Figure 9 ilhistrates the way in wWch the insulation member 1 6* projecw laterally in the 
bttween the acdve decuode 14* and the extension 18a' of the renim electrode 1 8\ 
TWs lateraDy^iroiecting part of the insulation member \S increases the conductive fluid 
path len^ from the acrivc electrode 14' to the return dectnxie 18'. and forces the electric 
fidd outwardly, thereby preventing preferential arcing between the retunx dectrode and 

30 the nearest part ofihe active dectnxie. and promoung arcing between the acti^ 

and the ndghbourmg tissue. The return dectnxie 1 8* is spaced ftom the active dectrode 
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14* so that, in use. it does not contaa the tissue to be treated, and so that the electrical 
circuit is always completed by the saline, and not simply arctng between the electrodes. 
Indeed, the arrangement is such that arcing between adjacent parts of the electrode 
assembly is avoided, thereby ensuring that the active electrode 14' can become enveloped 
5 in a vapour pockei. so that tissue emering the vapour pocket becomes the preferred path 
for current to flow back to the rettim electrode 18' via the conductive fluid. 

To consider the operation of the electrode unit E2' in more detail when it operates in a 
tissue cutting or vaponsing mode, a vapour bubble is formed around the tip I4'a of the 

10 active electrode 14* This tip I4'a constitutes an active elearode treatmem ponion. This 
bubble IS sustained by arcing within it. The greater the applied volume, the greater is the 
»ze of the bubble. The energ\* dissipated by each arc is impedance-limited by the remaining 
fluid in the conduction path and by the source impedance of the generator However, an 
arc behaves as a negative impedance in that, if the energy in the arc is sufficiently high, an 

1 S ionised path of very low impedance is formed. This can lead to an unstable condition of 
ever-decreasing ionised path impedance unless the impedance of the fluid between the 
bubble and the return elearode I ST is sufficient to aa as a limit on dissipated power. It is 
also possible for the vapour pocket around the active electrode treatment portion 14*a to 
encroach the return dectrpde 1 8' In these circumstances, the arc energy is limited only by 

20 generator source impedance, but such power limitation is poor and cannot be ai^usted 
according to electrode size. For these reasons, the dimensions and configuration of the 
insulation member 16 should be such as to defme a minimum conduction path length of 
bnm between the active electrode treatment portion 14'a and the fluid contact surface of 
the return electrode 1 3* This minimum path length is. in the case of the embodiroenc shown 

25 in Figure 9. the arc length a of the insulation member 16* plus the step dimension c of the 
lateraUy*prqieciing part of the insulation member. 

A liifther consideradon is the possibility of a vapour pocket forming only over pan of the 
exposed treatment ponion 14*a of the active electrode 14' When the applied voltage and 
30 power are suffidorttly high, a vapour pocket will form around the aaive elearode exposed 
treatment ponion I4'a Preferably, the pocket is formed imiformly over the entire length 
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of the ircatmeni ponion. In such a situatioa the load impedance presented to the generator 
can change by as much as a factor of 20. However, when there are significant (fifferences 
in the conduction path length between the return electrode fluid contact surface 1 8a' and 
differem parts of the exposed active electrode treatment ponion 1 4'a. a voltage gradient 

5 is estabrished over the length of each electrode. With some insulation member and acthre 
electrode configurations, the voltage gradient can be sufiicientiy large to enable vapour 
pocket foimauon only over that pan of the exposed treatnjcm portion closest to the fluid 
conuct surface, leaving the extreme distal end of the exposed treatment portion still in 
contact with the conductive fluid. Thus, the voltage gradient is established within the 

1 0 conductive fluid where the edge of the vapour pocket intersects the surface of the active 
electrode treatment ponton I4'a. The dectrtcal behaviour of such a partially-enveloped 
active electrode treatmem ponion I4*a is very differem from that of a fiilly-envdoped 
treatment portion In terms of controlling generator output by sensing peak vohage, the 
behaviour of the electrode assembly .s no longer bistable. However, the power demand is 

IS considerably higher as a result of the vaporisation voltage prcscmed across the low 
impedance weited region of the aaivc electrode treatment ponion I4'a. The clinical effea 
is not only the required vaporisation, but also an undesirable thermal damping effect 
resulting from the indreased power dissipation. 

20 Partial enveloping of the active electrode treatment ponion I4'a can be largely avoided by 
ensurinu that the ratio of the length b of the conduaKie path between the fiirthermost point 
of ihc active electrode treatment ponion and ihc length of the shortest conductive path 
between the active electrode neatmem portion and the fluid comaa surface is at most 2:1, 
ie h/{a+c) i 2. The laterally-projecting ponion of the insulation member 16* defines an 

25 insulation barrier to direct dectrical current flow through the fluid medhinu ther^ 
increasing the shonest conductive path between the fluid contaa surftce I ^a and the 
active electrode 14* 

It will be noied fi-oro Figure 9 that the downward extent of the exposed active electrode 
30 ircatmcm ponion. ie. the distance d by which the active electrode projectt beyond the 
shrouding pans of the insulation member 16* on each side, is ai least one halfof the width 
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of the exposed treatment portion in a transverse plane. This allows the instrument to be 
rotated about the axis of its shaft to some extent without losing the required surgical effect. 

Figure 9 also shows that the active electrode 14' has an exposed end (the tip I4'a) which 
5 extends latcraUy through the cut-out I6*a in a first direction wWch is opposite to the 
direction in which the fluid contact surface 18a* faces. This first direction defines a 
treatment axis which lies in a common plane with the two shonest conductive paths 
referred to above. The electrode units of the embodiments of Figures 2 to 6 also inchide 
this feature. 

10 

It should be noted that the insulation member 16 of each of the embodiments of Figures 
2 to 6 also has lateraUy-projecting pan which increases the conductive fluid path length 
from the actwe decirode 14 to the return electrode 1 8 These electrode units also are such 
that the ratio of the length of the conduaivc path between the furthermost point of the 
1 5 active electrode treatmem portion and the fluid comaa surface of the return electrode, and 
the length of the shortest conductive path between the active electrode treatment portion 
and the fluid contact surface is at most 2: 1. 

In order further to improve access to remote joint cavity areas, the distal portion of the 
20 elecuode shaft of each of the embodiments described above could be angled, say between 
15** ami 30". with respect to the main ponion of the instrument shaft. In a fiinhcr 
modification, titaraum could be used as the maerial for each of the active electrodes. 

It wiH be apparem that modifications could be made to the embodimems described above. 
25 For example^ the etnbocanems of Figs I to 4 and 6 could each be provided with a suction 
pump for removing vapour bubbles via the shaft of the instrument through the active 
electrode. It would also be possiT>lc to make the insulation sleeve 16 of each of the 
embodimems of a »iiconc nibber (such as a silicone polyurethane), glass, a polyimide or 
a thermoplastics ntaterial. 

30 
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CLAIMS 

1 . An dcctrosurgicai instnimem for the treauhem of tissue in (he presence of an 
dectricaily-conducnve fluid medium, the instrument comprisinK an instnimem shaft, and 

5 an electrode assembly at one end of the shaft the eleaiode assembly comprising a tissue 
treatmem electrode and a return electrode which is eiectricaily insulated from the tissue 
treat meni elcarode by means of an insulation member* the tissue treatment electrode 
having an exposed end extending laterally through a cut-out provided in the insulattoii 
member at the distal end portion of the instnimem. and the return dearode having a fhiid 

) 0 comaa surface which overfies the insulation member in the region of the cut-out. said fluid 
comact surface bdng spaced from the tissue treatmem dearode in such a manner as to 
define, m use. a conductive fhiid path (hat completes an dectrical drcuit between the tissue 
treatmem dearode and the raum deorcde. 

IS 2. An dcctrosurgicai instrument for the treatmem of tissue in the presence of an 
dearically-conductive fluid medium, the instnimem comprising an instrument shaft, and 
an dearode assembly at one end of the shaft, the dectrode assembly comprising a tissue 
treatmem dearode and a return dearode which is elearically insulated from the tissue 
treatment dearode by means of an insulation member, the tissue treatment dearode 

20 having an exposed end extending laterally through a cut-out provided in the insulation 
member, wherdn the return elearode has a distal end ponion with a fluid comaa surfecc 
winch overlies the insulation member in the region of the cut-out and faces laterally in a 
first direction, and wherein the tnsulanon member projects laterally outwardly between said 
distd end portion and the tissue treatment dectrode. the tissue treatmem dectrode facing 

25 laterally in a second direction oppofite to said first direaion. 

. y An dectrosurgicdinstrtinient as daimed in claim 1 or ddm 2. wherdn the exposed 
end of the tissue treatment dearode is constituted by a plurality of tissue comaa 
filamentary members made of an dectrically-conduaive material, the fdamentary members 
30 bdng dearically conneaed to a conunon dearicd supply conduaor. 
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4. An dectrosurgical insmimcm as claimed in daim 3. whcrem a sin^e coUcd fUameni 
ccmstmites the filamemaiy members, the coils of the filament constituting the filamemary 
members 

5 5. An electrosurgical instniment 8$ claimed in daun 4. wherein 
diameter lying within the range of from 0.05 mm to 0.5 mm. 

6. An etearosuTsical instnimemM claimed in claim 3. wherein a phBiBi^ 
individual filamema constitute the (Uamntary members. 

10 

7. An electrosuruical instmmem as claimed in claim 6. wherein the filaments each 
have a length lying within the range of from 0.5 mm to 5 mm. 

8. An elecirosursical instrumem as claimed in claim 6 or daim 7, wherein the 
IS filaments each have a diameter tymg within the r««e of from 0.05 mm to 0.5 mm. 

9. An electrosurgical insiiumcm as claimed in any one of claims J to 8. wherein the 
' filamematy members are made of tungsten. 

20 10 An electrosuruical instnmient as claimed many one ofclaims 3 to 8. wherein the 
rilaroentar>- members arc made of an aUoy of tungsten or ptalimim. 

11. Anelectrosurgicalinsinimemaselaimedindaimlordaimiwhereintheexposed 
end of the tissue contact electrode is constituted by a mesh. 

25 

12. An dectrosurgical instmmem as claimed in any one of dauns I to 1 1. fiitther 
comprising suction means for applying a sub^tmospherie pressure to d» imerior of the 
i»dation member. «*«r«by vapour bubbles produced in the region of the tissue treatment 
decirode are evacuated via the imerior of the instrument. 
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1 3. An electrosurgical insftument as claimed in any one of claims 1 to 12. wfacreb the 
cut-out is fomed in a lateral sur&ce of the insulation member adjacent to the distal end 
thereof 

5 14. An electrosurgical mstniment as claimed in any one of daims I to 1 2» wherdn the 
cut-out is formed obliquely across the distal end face of the insulation member, whereby 
the exposed end of the tissue tteatment electrode has both an axially-fadng tissue conuct 
portion and a laterally-facing tissue contact portion. 

10 15 An electrosurgical instalment as claimed in any one of claims 1 to 14, wherein the 
dimensions and configuration of the tissue treatment electrode, the fluid contact surface 
and the insulation member are such that, when the electrode assembly is immersed in a 
conductive fluid medium, the ratio of (i) the length of the shortest conduction paih through 
the fluid medium between the fluid contact surface and ihat part of the tissue ircamiem 

1 5 electrode which is furthest from the fluid contact surface, to (li) the lenglb of the shortest 
conduction path through the fluid medium between the fluid comaa surflice and the tissue 
treatmem electrode is at most 2 to I . 

1 6. An elecuosurgical instrument as claimed in claim 1 5, wherein the ratio of (i) the 
20 length of the shoitest conducdon path through the fluid medium between the fluid contact 
sur&ce and thai pan of the tissue treatment electrode which is furthest from the fluid 
comaa suiftcc. to (ii) ibe lerasih of the shortest conduaton path through the fluid raedwm 
between the fluid coniaasurfice and the tissue treatmm electrode is greater than or equal 

to 1.25. 

17 An deorosurgical instrument as dumed in datm 15 wh«i appendam to daim 2, 
wherein the laterally-projecdng portion of the insulation member defines an insulation 
barrier to diven dectrical current flow through the fluid medhim ther*y to increase said 
- shortest conduction padi length between the fluid contact surface and die tissue treaunent 
30 electrode. 
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1 8. An clectrosurgical msinimcni a$ claimed in claim 1 7. wherein ihe first direction 
defines a treatment axis and said two shortest conduction paths lie in a common plane 
containing the trentmem axis. 

5 19. AndecTOSurgicalinsifimieniascIaimcdtnany oneofclaims 1 to I8» wheim 
least one transverse plane extemfoig in the first direction, the tissue treatment electrode 
projects beyond the insulation member in the first direction by a distance which is at least 
one half of Ihe transverse width of the projecting pan of the tissue treatment etectrode. 

10 20- An electrosuTgical instrument as claimed in any one of claims I to 19, wherein the 
dimensions and configuration of the tissue treatmem electrode, the fluid contact surface 
and the insulation member are such that, when the electrode assembly is immersed in a 
conductive fluid medium, ihe length of the shortest conduction path through the fluid 
medium between the fluid contact surface and the tissue treatmem electrode is at least 

IS Imm. 

21. An electrosurgical instrument as claimed in any one of claims 1 to 20. wherein the 
return electrode is in the form of a generally cylindrical conductive sleeve with an exposed 
surfice portion having a length and a diameter, ihe length of the exposed surfece portion 

20 being at least as great as tlie diameter, and wherein, when the electrode assembly is 
immersed in a conductive fluid medium, ihe ratio of (i) the shortest conduaion path 
through the fluid medium between the fluid contmct surface and that part of the tissue 
ueatment electrode which is furthest fi-om the fluid comaa surface, to (it) the diameter of 
the exposed surface portion of the return elearode, is at most 4.5 to I. 

25 

22. An electrode unit an electrosurgical ins u umem for the treatmem of tissue in the 
presence of an electrically-conducltve fluid medhmt, the elecuode unit comprising a shaft 
having at one end means for connection to an instrumem handpiece, and. mourned on the 
other end of the shaft, an electrode assembly comprising a tissue treatmem electrode and 

30 a return electrode which is electrically insulated from the tissue treatment electrode by 
means of an insulation member, the tissue treatment electrode having an exposed end 
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extending laterally through a cul-out provided in the insulation number, and the return 
etoctrode having a fhnd oontaa surface which overlies the msulation member in the region 
of the cut-out. said fluid comact surface being spaced from the tissue treatment electrode 
in such a manner as to define; in use, a conductive fluid path tha completes an electrical 
5 circuit between the tissue treatmem electrode and the return electrode. 

23. An electrode unh for an dcctrosurgical instnjmem for the txcauncm of tissue in the 
{Hcscnce of an elcctrically*conduaive fluid medhinu the electrode tmit cotnprisixig a shaft 
having at one end means for connection to an instrument handpiece, and, mounted at the 

10 other end, an electrode assembly comprimg a tissue treatmem electrode and a return 
electrode which is electrically insulated from the tissue treatmem electrode by means of an 
insulation member, the tissue treatment electrode having an exposed end extendii^ 
bterally through a cut-out provided in the insulation member, wherein the return electrode 
has a distal end ponton with a fluid contact surface wWch overlies the insulation member 

15 ia the region of the cut-out and faces laterally in a first direction, and wherein the insulation 
member projects Uterally outwardly between said disul end portion and the tissue 
treatmem electrode, the tissue treatmem electrode ftdng laterally in a second direction 
opposite to said first ifirection. 

20 34. Electrosurgical apparatus comprising a radio frequency generator and an 
electrosurgical tnstrumem for the treatnient of tissue in the presence of an deorically- 
conductive fluid medium, the tnstnimem comprising an instrument shaft and an electrode 
assembly at one end of. the shaft, the elecuode assembly comprising a tissue treatment 
electrode and a return electrode which is electrically insulated from the tissue treatment 

25 electrode by means of an insulation inembcr, the tissue treatntent electrode having an 
exposed end cxtensfing btcrafly through a cm-out provided in the msubttion mento 
distal end portion of the instrument, the renim electrode having a fluid contact surface 
which overfics the insulation member m the rc^ of the cut-out, and the radio frequency 
generator having a bipolar output connected to the dectrodei. said fluid contaa surface 

30 being spaced from the tissue treatmem electrode in such a manner as to define, in use, a 
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conductive fhiid path that comi>ittes an electrical circuit between the tissue treatment 
electrode and the return eiectrod& 

25! Eleclrosur^cal apparatus comprising a radio frequency generator and an 
5 electrosurgical instniment for the treatment of tissue in the presence of an dcctricaDy- 
conducttve fluid medium, the instrument comprising an instniment shaft, and an electrode 
assembly at one end of the shaft, the electrode assembly comprinng tissue treatroem 
electrode and a return electrode which is dectricaily insulated from the tissue treaunem 
electrode by means of an insulation member, the tissue treatmem electrode having an 
10 exposed end extending laterally through a cut-out provided in the msulation member, 
wherein the return electrode has a distal end portion with a fhiW contact surftce wrtiich 
overlies the insulation member in the region of the cut-out and feces laterally in a first 
direction, and wherein the insulation member projecu lateraHy outwardly between said 
distal end portion and the tissue treatment electrode, the tissue treatment electrode facing 
1 5 laterally in a second direction opposite to said first direction. 

26. Apparatus as claimed in daim 24 or daim 25, wherein the radio frequency 
generator mdudes control means for varying the output power delivered to the electrodes. 

20 27. Apparanis as claimed in daim 26. wherdn the control means is such as to provide 
output power in first and second output ranges, the first output range being for powering 
the decirosurgical Lnsuument for tissue desiccation, and the second output range being for 
powering the dectrosurgical insirumem for tissue removal by cutting or vaporisation. 

25 2S. Apparatus as claimed ui daim 27. wherein the first output range is from abo^ 
140 vohs to 200 vohi, and the second output rai^e is from about 250 volU to 600 voUa. 

the voltages being peak voltage 

29. Apparanis as clafancd in claim 26 or claim 27. wherein the control means ts such 
30 IS to alternate the output power between first and second powers in the first and second 

output ranges. 
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30. ApiMratus as daimed in daim 26 or claim 27. wherdn the comrol means is sudi 
as to pulse the out|nit power at a power within the second output range. 
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CLAJMS 

1. An dectrosurgical instrument for the treatment of tissue in the presence of an 
dectricaily-conductive fluid medium, the instrument comprising an instrument shaft, and 

5 an electrode assembly at one mdofthe shaft, the electrode assembtycoinprising a tissue 
treatmem electrode and a return electrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment elearode 
having an exposed end extending laterally through a cut-out provided in the insulation 
member at the distal end portion of the instrument, and the return dectrode having a fluid 

) 0 comaa surface winch overlies the tnsulaikm member in the re^n of the cut-out, said fluid 
conuct surface being spaced from the tissue treatmem dectrode in such a manner as to 
define, m use, a conductive fluid path that completes an dearical circuit between the tissue 
treatmem dectrode and the return electrode. 

15 2. An dectrosurgical instrument for the treatment of tissue in the presence of an 
dectricaily-conductive fluid meditmv the insttumem comprising an instiumem shaft, and 
an dectrode assembly at one end of the shaft, the dectrode assembly comprising a tissue 
treatment electrode and a return etectrode winch is elearically insulated from the tissue 
treatment dearode by means of an insulation member, the tissue treatment electrode 

20 having an exposed end extending taterdly through a cut-out provided in the insulation 
member, wherdn the return electrode has a dtstd end portion with a fluid coniaa surfece 
whidi overlies the insulation member in the region of the cut-out and &ces laterdly in a 
first direction, and wherein the insulation member projects laterdly outwardly between said 
distd end portion and the tissue ueatmem electrodes, the tissue treatmem dectrode facing 

25 laterdly in a second direction opposite to sdd first direction. 

3. An dectrosurgical instnmient as claimed m claim 1 or ddm 2, wherdn the exposed 
end of the tissue treatment dearode is constituted by a phtrality of tissue contact 
filamentary m e mb e rs made of an dectiically-corKluctive ntateriaL the filamentary members 
30 bdng dectncdiy connected to a common dectncd supply conductor. 



